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Abstract 
The creation of the European Higher Education Area 
(EHEA) and the introduction of new university de-
grees have promoted a new conceptualization and 
adaptation of the teaching methodology and the 
consequent and inevitable diversification of the 
assessment methods. Especially due to the introduc-
tion of continuous evaluation, many activities that 
had no direct influence on the final grade before, 
contribute now, to a greater or lesser extent, to the 
final grade. This set of information obtained during 
the course offers often great differences between 
them and other qualifications. Some differences are 
fully justified and other less justifiable. The main aim 
of this paper is comparing and analyzing results of 
different evaluation acts obtained by students in the 
subject Physics Foundations on Computer Science. 
Linear fitting of academic data (tests, mid-term and 
laboratory exams) have been compared with admis-
sion mark and previous studies at high school, tradi-
tionally identified as determinants for later academic 
performance. Two ad hoc parameters have been 
defined: the Results Deviation Parameter (RDP) and 
the Previous Studies Parameter (PSP). The analysis, 
even though it confirms a significant deviation from 
the expected ideal/linear result, offers results fairly 
coherent as well as the pattern of these results and 
previous academic studies of students.  
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The creation of the European Higher Education Area 
(EHEA) and the introduction of new degrees have 
fostered the search for new methodological references 
aiming to adapt the teaching methodology [7] and the 
consequent and inevitable diversification in evalua-
tion methods. The new Bachelor and Master Degrees 
have adapted themselves to the new required chal-
lenges at training, social, economic and political level 
[4]. In order to promote a better learning environment 
and to train all competences (systemic, professional, 
cross) and furthermore with the aim of educating 
more "functional and adaptable" individuals [2,6], the 
teaching environment has undergone major changes 
in recent years also due to a new national regulatory 
framework (RD 1393/2007 and RD 861/2010). 
Particularly the introduction of continuous assess-
ment has meant that activities that without direct 
weight on the final grade before, now contribute, to a 
greater or lesser extent, to it [5]. Among others,  
activities such as attendance, laboratory practice, 
solving exercises, both on controlled manner in the 
classroom (in-person class) or at home (distance 
learning) are now a days part of the final assessment 
in many subjects, according to new regulatory 
frameworks at universities. Some of these activities 
correspond more than others, to individual student 
work, while others correspond to jointly evaluated 
activities as expression of the need developing trans-
ferable competences and training student’s skills, 
such as teamwork or effective communication. 
This set of obtained information during the semester 
offers often great differences between qualifications. 
In some cases those differences are fully justified and 
in other less justifiable. It is true that given the wide 
variety of activities and skills tested, it is reasonable 
that students present a variable level of competences 
and skills. But we also can have some evaluation 
results which are much more contradictory as com-
plementary.  
With the aim to check and analyze the results of 
different evaluations the marks/results obtained in the 
subject of Physics Foundations on Computer Science 
will be studied. This subject of 6 ECTS is taught in 
the first semester of the first course in the Bachelor  
of Computer Engineering and the double degree in 
Computer Engineering-Business Administration 
(ADE). Contents include the physical fundamentals 
of the electric and the magnetic fields with a special 
regards to semiconductors and its main technical 
applications (diodes and transistors). 
In this work an analysis of the results obtained by 
students in some of the various acts of evaluations 
realized throughout the semester is carried out. The 
studied evaluation acts, both with closed and open 
response, are only assessing individual and active 
student activities with a special regards to its coher-
ence according the obtained results. Therefore the 
marks of a test and its corresponding partial examina-
tion as well as the test average and the average of 
mid-term or practical (laboratory) exams are com-
pared. As the previous study (college) as well as the 
mark obtained at the Baccalaureate examination, have 
been traditionally identified as determinant for the 
academic performance [1,3], we have considered both 
factors in the analysis of the groups. 
 
2. Objectives and Methodology 
 
This study aims to check the type of relationship 
between the results of various acts of evaluation. In 
principle there should be a linear relationship, repre-
sentable with a line through the origin and slope + 
45º, between sets of data that are directly interrelated 
and reflect the reached level of student learning. For 
example it would be logical to think that a positive 
result in the first test of theory will have a direct 
influence on the result of the related mid-term exam 
which includes theory and related applicative prob-
lems. 
A regression or simple linear fitting approximating 
the relationship between a first independent variable 
Y (for example the mark of test 1) and another inde-
pendent variable X (mark of mid-term exam 1) will 
be performed. The setting provides this information: 
 
• the slope of the regression line, m 
• the uncertainty of m, ∆m 
• the Y intercept, b 
• the uncertainty of b, ∆b 
• the coefficient of determination, R
2
 which measures 
the fitting of the experimental data to the line. 
 
This fitting has been carried out using the LINEAR 
ESTIMATION command, available in the Excel 
Application of Microsoft Office. We will study five 
simple correlations between marks: 
 
• test 1 - mid-term exam 1 
• test 2 - mid-term exam 2 
• test 3 - mid-term exam 3 
• average of tests - average of mid-term exams 
• laboratory mark - average of mid-term exams. 
 
Linear fitting settings provide two parameters (m and 
R
2
) that indicate to what extent the data deviate from 
the expected ideal behavior (regression line with 
slope 1 and coefficient of determination 1). In order 
to summarize these parameters into one, we have 
defined a new parameter called Result Deviation 











This parameter takes into account, on the one hand, 
the deviation of the slope from the expected value 
(ABS(1-m)), and secondly, the dispersion of the 
cloud of experimental data (1-SQRT (R
2
)). The RDP 
is defined as the average of both contributions. RDP 
is always positive, corresponding a zero value to 
perfectly aligned points on the theoretical line. 
Moreover, the impact of previous studies on student’s 
performance in university studies has been character-
ized by two other factors: 
• home high school according to previous studies 
(origin). The faculty sets as most recommended 
previous studies the Scientific and Technical Bacca-
laureate even if different studies are possible. For this 
reason we have calculated, for each of studied group, 
the rate of students from the Technical and Scientific 
Baccalaureate (TSB) as a decimal; TSB can range 
between 0 and 1. 
• the average admission mark (AAM) to the degree of 
each of the studied group. AAM can vary between 5 
and 14. 
In order to define a single parameter that takes into 
account both factors, we have defined the Parameter 








The PPS may range between 0.25 and 1.2 moving 
closer to 1.2 if students of the sample mostly come 
from Scientific and Technical High Schools and show 
better admission marks. 
 
3. Experimental Approach. Description of the 
sample. 
The study was carried out in the first semester of the 
academic year 2015/16 on students of the subject 
Physics Foundations on Computer Science (four 
groups: C, D, E and F), Bachelor degree in Computer 
Engineering, and students of the same subject of the 
double Bachelor in Computer Engineering and Busi-
ness Administration (ADE group), running with just 
one group. Furthermore the E group is labeled as 
Academic High Performance (AHP) and lectures are 
taught in English with a small group organization. 
Those groups were chosen because they are a repre-
sentative sample and at the same time were fully or 
partially taught by the authors. The total enrollment 
in these groups was 237 (out of 512 students). A 
small amount has not been included in the sample due 
to lack of data. The final amount of pupils is 190 
(37% of total). 
The assessment of the subject is based on four ele-
ments: 
• three objective type tests (20% of the final 
mark) 
• three mid-term exams with open response, 
with questions on theory and application 
problems (TP) (50% of the final grade).  
• work at the laboratory (20%), split into two 
parts (report of practical with 10% and final 
individual laboratory exam with 10%).  
• portfolio of activities developed during the 
lectures or at home (10%). 
 
Obviously, the tests are more related to knowledge 
and terminology of the subject, while mid-term 
exams are more focused on demonstrations, direct 
applications of the theory and analysis and solving of 
problems.  
This paper analyzed the results corresponding to the 
test, the mid-terms and the individual laboratory 
exams. The data have been conveniently depersonal-
ized, with the results analyzed for each student, for 
the three grades of the test (T1, T2 and T3), the three 
marks for the mid-term exams (TP1, TP2 and TP3) as 
well as the mark of the individual final laboratory 
exam (LE). In addition, each student has been also 
asked about the previous studies, with 7 different 
possibilities, according to the type of home high 
school (Scientific or Technical, Live Sciences, Social 
Sciences, Humanities, Arts, Vocational Training, 
Other).  
 
Since the origin of the students seems to be a very 
relevant factor in the results, we calculated for each 
group, the rate of students from the Technical and 
Scientific Baccalaureate (TSB) as well as the average 
admission mark for each of the studied groups 
(AAM). Data of the sample group composition are 






ADE 42 39 10,5 0,62 
C 55 50 10,3 0,76 
D 56 43 9,2 0,77 
E 26 24 10,7 0,88 
F 50 34 9,0 0,62 
Total/average 229 190 9,8 0,72 
 
Table 1: Sample data per group and total 
 
The Technical and Scientific Baccalaureate is the 
most common previous study origin with an average 
level of 72% and the average access mark is 9,8 of 
14. 
 
4. Results and discussion 
 From available data was on first graphed the 
results on test (T) against the results on theory and 
problems exam (TP) for each of three midterm 
exams. On next graph is shown the linear fitting of 
both variables corresponding to first midterm exam 
for every student of every studied group. 
 
 
Figure 1: Linear fitting of test1 mark against TP mark 
of first midterm exam. Result of students of every 
group. 
 
The linear fitting over these data shows a regression 
line with a slope m=0,47±0,07 and a coefficient of 
determination R
2
=0,21. These results can be easily 
compared with those expected for an ideal behavior 
where every student would get equal mark on test and 
theory and problems exam (m=R
2
=1). As it could be 
expected, a deviation between the got and the 
expected behavior is got, that a priori could be due to 
several factors: 
• A low coherence between the test and the 
theory and problems exams, both having dif-
ferent difficulty levels, resulting on different 
marks. 
• The fact that both exams require different 
skills, resulting on different marks. 
• A different training of students on both ex-
ams, resulting on different marks. 
• The data where the exams are carried out; ei-
ther because both assessments are carried 
out the same (or different) day or because on 
the timetable of exams, these assessments 
are carried out before or after the exams of 
another subjects. 
• The fact that the students have available the 
solved exams of theory and problems corre-
sponding to previous exams but not those of 
previous tests. 
The same graphing and linear fitting has been also 
carried out separately for each group for each 
midterm exam. These results are shown on next table: 
 
GROUP ADE C D E F EVERY 
MIDTERM EXAM 1 
m 0,67 0,64 0,50 0,62 -0,12 0,47 
∆m 0,17 0,17 0,12 0,20 0,18 0,07 
R2 0,29 0,23 0,28 0,30 0,01 0,21 
MIDTERM EXAM 2 
m 0,43 0,44 0,55 0,50 0,25 0,45 
∆m 0,10 0,09 0,11 0,13 0,22 0,05 
R2 0,31 0,32 0,38 0,40 0,04 0,28 
MIDTERM EXAM 3 
m 0,68 0,62 0,57 0,80 0,18 0,62 
∆m 0,07 0,11 0,09 0,22 0,13 0,05 
R2 0,74 0,42 0,51 0,38 0,06 0,49 
 
Table 2: Results of linear fitting graphing the mark of 
test against the mark of theory and problems for each 
midterm exam on every group. 
 
 
By graphing these results, the behaviour of different 
groups can be more clearly seen: 
 
 




It is noticeable, on first, that every group but the F 
group shows behaviour on those analysed parameters 
that could be described as similar. On first midterm 
exam, the slopes of fittings lie around 0,5 with 
coefficients of determination around 0,2-0,3 but the 
group F; F group shows a negative slope and a 
coefficient of determination near zero, thus indicating 
a fairly relationship (even none) between the results 
of both marks. 
 
 
Figure 3: Coefficient of determination of linear 
fittings of test against TP exams. 
 
On the three midterm exams, the slope of linear 
fittings show similar values if we take in account the 
uncertainties; may be a slightly increasing can be 
seen on third midterm exam. 
 
About the got results, even though we haven’t any 
other value to be compared, we think that they can be 
qualified as low values. But from the maintenance or 
little increasing of m and the increasing of R
2
 along 
the year, we can state that the students feel stronger 
relationship between theory and problems when the 
course progress; the coefficient of determination 
between test and TP exams increases along the year. 
Even on group F appears this behavior. Although we 
don’t find a convincing reason for this fact, it could 
be related to the adaptation of students to their new 
university life and the acquisition of new knowledge 
coming from other subjects. It must be highlighted 
that our subject is taught on first semester when the 
students are still being adapted to the university, and 
it isn’t strange that they improve their adaptation and 
working methods. 
The low value of coefficient of determination could 
be indicative that the students don’t relate the 
questions of test with those of theory and problems, 
may be because of a lack of connection between the 
theory and its application on demonstrations and 
resolution of problems. Nevertheless, it seems that 
this connection increases on every studied groups 
when the course progress. 
 
It is also surprising that the determination coefficient 
on third midterm exam of group ADE is very high 
(0,74) compared with those of before exams. This 
fact could be related to the higher demand of 
tutorship by the students of this group (higher 
incoming heterogeneity and higher incoming mark); 
we think that the tutorship can homogenize the 
knowledge of students and then increase their 
determination coefficient. 
   
Anyway, the fact that the results on two different 
exams are compared through two different 
parameters, introduces a difficulty that we have tried 
to solve by summarizing both parameters in only one; 
the already said Results Deviation Parameter (RDP), 
ranging between 0 for an ideal fitting to a straight 
line, and 1 for a fitting of a cloud of points randomly 
distributed. The graphing of RDP for each group and 




Figure 4: Results Deviation Parameter for linear 
fitting of tests against the TP exams. 
 
Besides the tests and TP exams have also been 
studied the results of individual laboratory exams. At 
this point, our opinion is that as different skills are 
assessed, a lower relationship between them could be 
expected. 
For this reason, we have computed an only mark as 
the average of tests and TP exams for the set of 
midterm exams. Therefore, we have performed a 
linear fitting of laboratory mark against this average 
mark for each group. Graphing of RDP of this fitting 




Figure 5: Results Deviation Parameter for linear 
fitting of laboratory mark against the average of tests 
and TP exams (set of three midterm exams). 
 
 
It is noticeable that the F group shows a higher 
correlation between laboratory mark and tests and TP 
exams. On this group, teachers of theory and 
laboratory are different, and the same situation occurs 
on group D, with a very high RDP; instead, on group 
E, with the same teacher for theory and laboratory, 
RDP is also low, reason why this factor doesn’t seem 
to be determinant. The behaviour of set of groups is 
scarcely uniform, with RDP ranging from 0,3 to 0,8.  
The average for the set of every groups is 0,5, higher 
slightly than the RDP found for the fitting of tests 
against TP. 
From these results we can’t attribute to this difference 
of teacher between laboratory and theory the different 
relationships on the corresponding marks. We think 
that these differences are mainly due to the different 
skills required on both tasks (laboratory and TP).  
In order to check this idea, we tried to relate the 
before fittings with the previous studies of students 
before incoming on our school; may be the different 
previous studies could justify different skills.  
The previous studies of students have been 
characterized through two factors considered as 
determinant for the academic performance on first 
year of university studies: the incoming mark on the 
grade and the previous studies. Another time, in order 
to avoid analysis depending on two different factors, 
we have summarized the incoming mark and the ratio 
of students coming from Technical and Scientific 
Bachelor in only one parameter, the already defined 
Previous Studies Parameter (PSP). Data of each 
group were given when the sample was described; 
group ADE, for example, shows a very high incoming 
mark, but the lowest ratio of students coming from 
the Technical and Scientific Bachelor. If we graph 
RDP of fitting of test and TP against PSP (Figure 6), 
every group lie nearby, indicative that the students 
with similar origin and mark correlate test and TP 
with similar parameters. 
We think that this result validates the coherence of 
exams carried out. Only group F, showing a high 





Figure 6: RDP of fitting of tests against TP (average 
of three midterm exams) against PSP for each group. 
 
But the graphing of average of tests and TP against 
PSP shows a clear pattern, where this average 
increases with PSP, as it has been observed on too 
many studies [3]. This graph can be seen on figure 7. 
 
 
Figure 7: Average of tests and TP on three midterm 
exams against PSP. 
 
The same behavior can be observed by graphing the 
average mark of laboratory exam for each group 
against PSP. A slightly increasing on the expected 
behaviour occurs on group E, but even though on the 
laboratory exams are required some different skills 
that those of other different exams, also the laboratory 
mark directly correlate with PSP. On figure 8 can be 




Figure 8: Average mark of laboratory mark against 
PSP for each group. 
 
5. Conclusions 
The analysis of correlation between different ex-
ams by using a linear fitting shows results usually 
coherent, even though on this study appear groups 
whose results can be explained with difficulty. 
The correlation between two exams can be proper-
ly analysed by using the Results Deviation Parameter 
(RDP), which takes in account both the slope of 
linear fitting as its determination coefficient. 
The correlation between tests and theory and prob-
lem exams increases when the year progress; we 
attribute this increasing to the integration of 
knowledge between theory and problems by the 
students. 
The RDP of laboratory mark and the theory and 
problems exams shows a higher dispersion than the 
tests and theory and problems exams, thus indicating 
that both exams require different skills. 
The previous curriculum of students and their in-
coming mark can be properly characterized through 
the Previous Studies Parameter (PSP), which takes in 
account both factors. 
The correlation between tests and theory and prob-
lems exams is roughly independent of previous 
curriculum and incoming mark of students (PSP), 
which validates the coherence between both types of 
exams. 
The laboratory mark shows a direct relationship to 
the previous studies of students (PSP). 
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